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Experimental section
Chemicals and materials
Red phosphorous (P,  97.0 %), potassium hydroxide pellets (KOH,  85 %), hydrochloric acid (37 wt.%) and absolute ethanol were purchased from Sigma-Aldrich, and used as received without any further purification. Co foam (CF, 1.0 mm thick, 110 Pores Per Inch) was obtained from Hezhe Jiaotong Group, China. Deionized (DI) water from a Millipore system (18.2 MΩ·cm) was utilized for solution preparation and rinsing.
Fabrication of the self-supported CoP NWs electrodes.
A piece of Co foam (CF, 3 × 4.5 cm 2 ) was cleaned by ultrasonication in 6 M HCl for 10 min, subsequently thoroughly rinsed with DI water and ethanol, and finally dried under N 2 flow at room temperature. The clean CF was loaded into a ceramic boat, with ca. 8 g of red phosphorous placed 1 cm away from the CF in the upstream side. Afterwards, the ceramic boat was put into a tube furnace (Carbolite). The furnace was then purged with nitrogen (N 2 , 99.999 %), heated to 600 °C at a ramping rate of 10 °C min -1 , and maintained at this temperature for 1 h. Finally, the furnace was naturally cooled down to room temperature. The N 2 flow (500 sccm) was maintained throughout the whole process. The resultant foam was washed with DI water and ethanol, and subsequently dried under N 2 flow. By calculating the weight change of the foam before and after phosphorization, ca. 35 % of bulk Co foam was consumed during this phosphorization process.
The resultant cobalt phosphide nanowires foam under this condition was denoted as CoP NWs throughout the main text unless otherwise specified.
The CoP NWs can also be successfully obtained by increasing the reaction time to 6 h or loading more red P (e.g., 16 g) under similar conditions. This led to the formation of CoP NWs with similar S6 morphology and structure. To investigate the effect of phosphorization temperature on the electrocatalytic performance, the phosphorization was also carried out at 700 and 800 °C while keeping all other phosphorization conditioned unchanged (i.e., 8 g of red P, 1 h reaction time). The corresponding resultant electrodes were denoted as Co x P y -700 and Co x P y -800, respectively.
Characterization
All the samples were thoroughly rinsed prior to characterization. Scanning electron microscopy (SEM) characterization was conducted using a FEI Quanta 650 FEG microscope equipped with an INCA 350 spectrometer (Oxford Instruments) for energy dispersive X-ray spectroscopy (EDX).
X-ray diffraction (XRD) measurements were carried out on an X'Pert PRO diffractometer (PANalytical) at 45 kV and 40 mA, using Cu K α radiation ( = 1.541874 Å) and a PIXcel detector.
XRD data were collected using Bragg-Brentano configuration in the 2 range of 25 -90 ° with a scan speed of 0.01° s -1 . The XRD patterns were indexed and analyzed according to the International Centre for Diffraction Data (ICDD) PDF-4+ database using the HighScore software package (PANalytical). Transmission electron microscopy (TEM), high-resolution TEM (HRTEM), high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) and EDX elemental mapping studies were performed on a probe-corrected transmission electron microscope operating at 200 kV (FEI Titan ChemiSTEM 80-200). X-ray photoelectron spectroscopy (XPS) data were acquired on an ESCALAB 250Xi X-ray photoelectron spectrometer (Thermo Scientific) using Al K α radiation. Raman spectra were collected by using Witec Alpha 300R confocal Raman system. The Raman measurements were performed with 50× objective lens, a laser excitation wavelength of 532 nm with a power of 0.8 mW and 2 s acquisition time and 100 accumulations. The grating was 600 g mm -1 .
Electrochemical measurements
S7
All electrochemical measurements were conducted at room temperature (ca. 25 °C) using a Biologic VMP-3 potentiostat/galvanostat in a typical three-electrode configuration for the HER and the OER tests or a two-electrode configuration for overall water splitting. 
where E corr is iR-corrected potential, E mea experimentally measured potential, and R c is the compensated resistance measured by using the Bio-Logic EC-Lab software (ZIR technique).
For comparison, the electrocatalytic performance of a bare Co foam (CF), commercially available RuO 2 nanopowders (99.9%, Alfa Aesar) and Pt-C catalysts (20 wt.% Pt on Vulcan,
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FuelCell Store) supported on CF (loading mass = 3.0 mg cm -2 ) was also measured under the similar conditions.
For overall water splitting, a symmetrical full electrolyzer was constructed using two identical
CoP NWs electrodes as cathode and anode, respectively. Overall water splitting performance was evaluated using LSV and CP in a two-electrode configuration in 1 In the typical Co 2p 3/2 region, the sharp peak at 778.6 eV is assigned to Co 2p 3/2 in the CoP component, consistent with the binding energy (BE) reported for CoP in the literature. [1] [2] [3] [4] [5] The broad low-intensity peak at 781.6 eV corresponds to oxidized Co species that likely result from the slight surface oxidation. The presence of such an oxidation state is commonly observed in CoP nanostructures reported previously. [3] [4] [5] In the P 2p region, the peaks at 129.6 and 130.4 eV are attributed to the P 2p 3/2 and 2p 1/2 of CoP, respectively, which are in good agreement with the BE in the reported CoP materials. [1] [2] [3] [4] [5] The other peak at 134.1 eV corresponds to surface oxidized derivatives, which were reported in the literature. [2] [3] [4] [5] These assignments are well consistent with the BEs reported for CoP, demonstrating the good crystallinity of as-prepared CoP nanowires in this work. [1] [2] [3] [4] [5] and -100 mA cm -2 respectively, outperforming those of many recently-reported non-precious HER catalysts tested under the similar conditions (Table S2 ). In contrast, the bare CF shows a small current density of merely -5.7 mA cm -2 even at a high overpotential of 300 mV. The Tafel slope of CoP NWs is 105 mV dec -1 , which is much smaller than that of CF (119 mV dec -1 ) and favorably comparable to those of many recently-reported non-precious HER catalysts ( Table S2 ). The Tafel slope falls within the range of 40-120 mV dec -1 , suggesting that the HER taking place on the CoP surface in the basic solution would follow a Volmer-Heyrovsky mechanism, and that the rate of the discharge step would be consistent with that of the desorption step. [6, 7] Figure S19c likely attributed to the dense thin CoP nanowires with high aspect ratio, which not only maximizes the number of exposed active sites, but also facilitates the diffusion of electrolyte and the release of generated gas bubbles. [5] Figure S20. (a) The polarization curves and Tafel plots of the CoP electrodes synthesized at 600
(CoP-600), 700 (Co x P y -700) and 800 °C (Co x P y -800). Figure 3a , while those reported values in the references were obtained from their LSV polarization curves in the literature. a The durability used the chronopotentiometry at the constant applied current density, recording the variation of the potential.
b The durability used the chronoamperometry at the constant applied potential, recording the change of the current density.
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Estimation of the energy efficiency of water electrolyzers:
Water electrolysis involves the hydrogen evolution reaction (HER) on cathode and the oxygen evolution reaction (OER) on anode. The minimal cell voltage for water electrolysis in an open system, E 0 cell , is given by the following equation under standard conditions (25 °C, 1 atm, P, T constant): (3) or (4) where ΔG 0 is the change in the Gibbs free energy under standard conditions, n the number of electrons transferred, and F the Faradaic constant.
For the electrolysis of water, the standard reaction enthalpy is ΔH 0 = 285.8 kJ mol -1 , Δn = 1. ε max = (6) where E cell is the cell voltage to drive water splitting at the current of I:
where R is the total ohmic series resistance in the cell including resistance of external circuit, electrolyte, electrodes, and membrane materials (if any); Ση is the sum of overpotentials including the activation overpotential at the two electrodes and the concentration overpotential.
The splitting of water by electrolysis is an endothermic reaction with the enthalpy change defined as follows:
where ΔG 0 supplies energy in the form of electricity and the rest, TΔS, by heat. In actual electrolysis, cell voltage is always higher than the theoretical voltage of electrolysis, namely reversible voltage E 0 cell = 1.23 V, and the difference is converted into heat. When the cell voltage reaches 1.48 V, all heat generated by overpotential and ohmic loss is used by the reaction, and at this voltage there is no heat generation or absorption to and from outside of the system (i.e., ΔS = S41 0). Therefore, the cell voltage of 1.48 V is defined as "thermoneutral potential" where the cell does not heat or cool and all electric energy used for electrolysis is converted into heat content of evolved gas. [S8, S9] This voltage is used as the standard of 100% efficiency. Since the current efficiency is almost 100% in water electrolysis, dividing 1.48 V by practical cell voltage (E cell )
will thus approximately give the energy efficiency of water electrolysis, [S10, S11] according to equations (6) and (8): (9)
